INTRODUCTION
============

Through the past few decades, the numbers of diagnostic methods and treatment modalities for breast cancer have increased, and breast cancer survival and recurrence rates have improved. One of the treatment methods, breast-conserving surgery (BCS) with adjuvant radiation therapy (RTx) is accepted as a standard treatment modality for breast cancer patients \[[@B1]\]. Breast-conserving therapy shows no significant differences from mastectomy in overall survival and disease-free survival \[[@B2],[@B3]\]. However, locoregional recurrence rates of breast cancer, 10 years after initial treatment are still noted to be between 6% and 20% \[[@B4],[@B5]\].

The ability to predict the future recurrence of breast cancer can assist patients and physicians when making clinical decisions. Furthermore, the ability to accurately predict ipsilateral breast tumor recurrence (IBTR) based on individualized risk factors can provide additional information for adapting future treatment strategies. Some predictive tools such as ADJUVANT! Online \[[@B6]\], Nottingham Prognostic Index \[[@B7]\], and IBTR! 2.0 \[[@B8]\] have been created to assist in decision-making with regard to breast cancer treatment. Of these, the nomogram IBTR! 2.0 was developed according to the theory that local control is valuable for physicians and patients, because local recurrence is correlated with the risk of metastasis and mortality \[[@B8],[@B9]\]. IBTR! 2.0 (<http://www.tufts-nemc.org/ibtr>) is a web-based tool that includes 7 prognostic factors (age, tumor size, tumor grade, margin status, lymphovascular invasion \[LVI\], use of chemotherapy \[CTx\], and use of hormone therapy \[HTx\]) to predict individualized risk of ipsilateral breast tumor recurrence after BCS with or without RTx \[[@B8]\]. The IBTR! 2.0 model was constructed using the British Columbia Cancer Agency (BCCA) Breast Cancer Outcomes Unit database and validated using Massachusetts General Hospital (MGH) patient data. The nomogram showed accurate results in low-risk patients, but overestimated the risk in high-risk patients \[[@B8]\]. One limitation of IBTR! 2.0 is that validation has occurred in United States patients only.

Asian patients, especially Korean patients, have different ethnic features and healthcare environments compared with United States patients. For example, the mean age at diagnosis of Korean breast cancer patients is lower than that of American patients \[[@B10]\] and the Korean government provides health insurance for all Koreans. Thus, postoperative examinations can be performed without a significant economic burden. These differences in ethnicity and heath care environment may result in the distinctive results observed and predicted IBTR rates between Korean and American patients.

The validation of predictive model is a vital step to determine the decrement in performance when applied to an external dataset. The validity of IBTR! 2.0 and its applicability to Asian women treated with breast-conserving therapy has not yet been evaluated. Therefore, we set out to assess the validity of the IBTR! 2.0 in Korean breast cancer patients.

METHODS
=======

On a retrospective basis, we reviewed the data of 832 breast cancer patients who had undergone BCS at the Department of Surgery, Samsung Medical Center (SMC), Seoul, Korea between 1994 and 2002. The patients satisfying the study criteria were women with breast cancer who were treated with BCS followed by RTx. The exclusion criteria were as follows: the patients who were 1) treated with neoadjuvant CTx and/or RTx, and 2) diagnosed with distant metastasis on a preoperative basis. The end point in this study was IBTR, which was defined as any first recurrence involving the remaining ipsilateral breast without simultaneous regional or distant recurrence. Regional recurrence was defined as any tumor recurrence in the ipsilateral supraclavicular, infraclavicular, axillary, or internal mammary nodes. Recurrence at any other site was defined as a distant recurrence. The term \"simultaneous\" was defined as any subsequent recurrence within 4 months after the IBTR diagnosis. These definitions were guided by the published reports of the National Surgical Adjuvant Breast Projects (NSABP) \[[@B11]\], Eastern Cooperative Oncology Group (ECOG) studies \[[@B12]\], and the IBTR! 2.0 manuscript \[[@B8]\]. We identified 520 patients who were eligible for this study using our hospital\'s electronic database. The mean RTx dose for the breast was 5,040 cGy in 28 fractions, then a 1,000 cGy boost to the tumor bed in 5 fractions for a total dose of 6,040 cGy.

Age, tumor size, tumor grade, margin status, LVI, use of CTx, and use of HTx were entered into the IBTR! 2.0 nomogram for each patient and the expected IBTR rate was calculated. The observed 10-year IBTR values for each patient were determined from the SMC database using the Kaplan-Meier method. Competing events including regional recurrence, distant recurrence or death were treated as censored observations in the analysis. This statistics method was adopted to ensure consistency between the MGH and SMC datasets. The average predictive estimates of IBTR! 2.0 nomogram and observed IBTR estimates at SMC were compared. A standard error (SE) was calculated for the observed percentage, and a t-test was used for the entire cohort; for the 4 groups predefined by nomogram-predicted risk as in the MGH validation study \[[@B8]\]: group 1, less than 3%; group 2, 3% to 5%; group 3, 5% to 10%; and group 4, higher than 10%.

The statistical method for comparing predictive and observed recurrence rates was guided by previous publications validating Adjuvant! Online \[[@B13]\], IBTR! 2.0 \[[@B8]\] and neoadjuvant chemotherapy nomograms \[[@B14]\]. Discrimination for recurrent data was evaluated using Harrell\'s concordance statistics. The concordance index (C-index) was derived from the Wilcoxon two-sample test and provides the discrimination ability of binary data \[[@B15]\]. The receiver operating characteristic curve (ROC) and the area under the curve (AUC) were used to discriminate binary data. We used the bootstrapping resampling method (1,000 repetitions) to achieve unbiased estimates.

Data were analyzed using Microsoft Excel 2007® (Microsoft Corp., Redmond, USA). Statistical analyses were performed using PASW® Statistics version 18.0 (SPSS Inc., Chicago, USA) and R version 2.1. (The R Project for Statistical Computing, Vienna, Austria, available from <http://www.r-project.org>). Reported *p*-values are two-sided, and the statistical significance was set at *p*\<0.05.

RESULTS
=======

Clinicopathologic characteristics of the patients used for validation and hazard ratios (HRs) of each of the variables are shown in [Table 1](#T1){ref-type="table"}. The median follow-up time was 9.7 years for a total of 520 patients. The median age and tumor size at diagnosis were 45.0 years and 1.6 cm, respectively. All of the patients that had an unknown margin status experienced IBTR and the unknown margin status was the only statistically significant prognostic factor (HR, 67.05; 95% confidence interval \[CI\], 6.81-660.40) in this study.

An IBTR occurred in 25 cases of the entire cohort. The IBTR! 2.0 nomogram predicted an overall 10-year recurrence rate of 5.22% (95% CI, 4.97-5.47), while the observed estimate was 5.70% (95% CI, 3.43-7.97). This difference was not statistically significant (*p*=0.68).

The Kaplan-Meier IBTR values in the entire cohort and the 4 groups are shown in [Figure 1](#F1){ref-type="fig"}. The predicted and observed IBTR estimates for the cohort overall and for each group are listed in [Table 2](#T2){ref-type="table"}. In group 1, the predicted IBTR risk was less than 3%, there were two cases of IBTR in 124 patients, and the predicted versus observed IBTR values were 2.25% and 1.80% (*p*=0.73), respectively. In group 2, there were 6 cases of IBTR in 177 total patients, with predicted and observed IBTR values of 3.95% and 3.90% (*p*=0.97), respectively. In group 3, 14 cases of IBTR were found in 181 patients, with predicted and observed IBTR values of 7.14% and 8.80% (*p*=0.42), respectively. In group 4, 3 cases of IBTR occurred in 38 patients, with predicted versus observed values of 11.66% and 14.90% (*p*=0.73), respectively. No statistically significant differences were demonstrated in the cohort overall or in each group between the predicted and observed IBTR estimates.

The ROC curve and calibration plot are shown in [Figure 2](#F2){ref-type="fig"}. The area under the ROC curve of the nomogram was 0.670 (95% CI, 0.569-0.781), showing a reasonable agreement between the predicted and observed estimates for the overall cohort.

DISCUSSION
==========

IBTR! 2.0 was created to predict local recurrence after breast-conserving therapy based on individualized risk factors. As local recurrence is correlated significantly with an increased risk of metastasis and decreased survival \[[@B9]\], predicting local recurrence can assist patients and physicians in making clinical decisions. Because breast-conserving therapy is the standard management for Korean patients with early stage breast cancer, the IBTR! 2.0 nomogram could be helpful for predicting ipsilateral breast tumor recurrence in Korean patients. However, the nomogram has not been validated for Korean patients who have features that differ from the original Uinted States study cohort, such as ethnicity and healthcare environment. As such, the application of the nomogram to Korean people required validation. In this manuscript, we validated the IBTR! 2.0 to the Korean population, and the results showed that expected and observed estimates were not significantly different.

The seven prognostic factors in IBTR! were initially selected based on prognostic relevance for local control from published clinical studies \[[@B16]\]. Then, the authors modified the nomogram based on data from 7,811 patients in the BCCA dataset and developed IBTR! 2.0. The prognostic factors and their HR were calculated using Cox-regression modeling, and the revised HRs formed the basis of IBTR! 2.0 \[[@B8]\]. We calculated HRs using 520 patients in our dataset and compared them with those of the BCCA dataset. Although most of the factors did not show statistical significance because of the small numbers of patients and events in our cohort, the hazard ratios showed similar tendencies with those of BCCA.

Patient age is a well-known important factor in predicting local recurrence, and the benefit of RTx varies significantly according to age group \[[@B3],[@B4]\]. HRs in our study decreased with age, from 3.12 to 0.78, which was similar to the HRs in the BCCA dataset (range, 2.03-0.53). There have been numerous reports that positive or close margins are significantly correlated to increased local recurrence \[[@B4],[@B17]\]. The HR of positive/close margin status was calculated as 2.02 using our dataset. All two patients with an unknown margin status experienced local recurrence; therefore, the HR of unknown margin status was much higher than those of the other subgroups. The local recurrence rate of patients with LVI was reported from 11% to 35% compared to the patients without LVI (range, 3%-21%) \[[@B17],[@B18]\]. The HR of LVI in the BCCA dataset was 1.12, while the HR in our study was calculated to be 4.47. A high tumor grade was reported to have a higher relative risk of local recurrence and ranged from 1.44 to 2.51 \[[@B4],[@B19]\]. The HR of a higher tumor grade calculated from the BCCA was 1.55, which was similar to the HR of this study, 1.47. The effect of tumor size on local recurrence is contentious. Some studies reported that tumor size was associated with local recurrence (LR), while Arriagada et al. \[[@B20]\] and Veronesi et al. \[[@B3]\] reported a smaller effect of tumor size on LR. In the IBTR! 2.0, a tumor size ≤1 cm had a higher HR (1.40) of LR as compared with size 1.1 to 2 cm (HR, 1.00) and \>2 cm (HR, 1.07). In this study, sizes ≤1 cm and \>2 cm had lower HRs than size 1.1 to 2 cm (HRs were 0.59 in both subgroups), although the difference was not significant. We could not explain the exact reasons for the different HRs between BCCA and SMC. We could only speculate that these differences were caused by statistical factors or ethnic distinctions. Because our dataset was much smaller than the BCCA, the HRs in this data set may not have shown statistical significance. Regarding ethnic distinction, most Korean studies reported that tumor size was not associated with LRs \[[@B21],[@B22]\].

The use of hormonal therapy or chemotherapy has been found consistently to decrease LR \[[@B23]\]. Because the effect of hormonal therapy and chemotherapy could not be separated from the impact of nodal status and hormone receptor status, these factors were not incorporated into the IBTR! nomogram \[[@B16]\].

In the validation process, we found results that differed between American patients and Korean patients. Previous validation using the MGH data set based on American patients showed high correlations between the expected and observed recurrence in groups 1 and 2 (expected vs. observed estimates were 2.2% vs. 1.3% in group 1, 3.8% vs. 3.5% in group 2), while in groups 3 and 4, the predicted IBTR rates were overestimated compared to the observed rates (6.7% vs. 3.2% in group 3, 12.5% vs. 8.7% in group 4). The absolute differences in the nomogram were 3.5% and 3.8% in groups 3 and 4, respectively, and these differences were not statistically significant. The results of our study were similar with the MGH data, showing high correlations between expected and observed estimates in low-risk patients (expected vs. observed estimates were 2.25% vs. 1.80% in group 1, 3.95% vs. 3.90% in group 2). However, there were significant differences between MGH and our results in the high-risk group (i.e., predicted IBTR estimates \>5%). In our study, the observed IBTR estimates were higher than predicted (8.80% vs. 7.14% in group 3 and 14.90% vs. 11.66% in group 4), and there was a smaller absolute difference between the observed and predicted estimates, as compared to the MGH data set (1.7% vs. 3.5% in group 3 and 3.2% vs. 3.8% in group 4). Sanghani et al. \[[@B8]\] explained that the reason for overestimation in the high-risk group was a relatively low IBTR event rate in these groups. Compared to the MGH data, the IBTR event rates were also low, and there were more patients in groups 3 and 4 in our data set than in the MGH data set (111 vs. 181 patients in group 3 and 33 vs. 38 patients in group 4). However, our results showed smaller absolute differences and did not show overestimation compared to the MGH validation. The reasons for these differences may be multifactorial, including, not only population origin, but also healthcare environments such as public health insurance and a method used to detect IBTR.

Asian breast cancer patients, especially Korean patients, have different characteristics from American patients. Patient age has been identified as an important prognostic factor \[[@B1]\] and age is already included in IBTR! 2.0 nomogram as a risk factor. Recent statistics have shown that the highest peak age group for Korean breast cancer patients is 45 to 49 years \[[@B10]\]. Patients with breast cancer at MGH had a median age of 58 years, the median age of our patients was 45.0 years, and more than 68% of our cases were under 50 years old. There is another interesting factor characteristic to young Korean women. Recent studies have shown that young Korean women had denser breasts than American women of the same age. In Korean women, the frequency of dense mammograms was about 61% to 78% in 40 to 49 year olds and 30% to 35% in women in their 50s, which is much higher than American women \[[@B24]\]. High breast density has been suggested as a risk factor for the occurrence of breast cancer \[[@B25]\] and this extensive mammographic density could mask present breast cancer. Other differences in Korean women include later age at first full-term pregnancy and a lower birth rate than American women \[[@B26],[@B27]\]. These factors change breast tissue susceptibility to hormonal stimulus and increase the risk of cancer development and progression.

The patients in the BCCA and the MGH database received RTx, with or without a boost. While, all patients in our database received adjuvant RTx with a 1,000 cGy boost in 5 fractions. From the published studies \[[@B28]\], a boost led to improved local control in all age groups. Although we do not know the exact number or proportion of patients who received RTx with a boost in the BCCA and the MGH cohorts, this difference in additional boost could affect the IBTR rate. These differences in patient characteristics, capturing and treatment methods may account for the different results in the high-risk group between the SMC and MGH cohort.

One of the limitations in this study is a wide confidence interval which could leads to imprecise validation. In our opinion, there may be two reasons for wide confidence interval. First, our data set showed high proportion of unknown results in LVI status (57.7%) and tumor grade (21.7%). Second, the validation method used in IBTR! 2.0 manuscript might be somewhat inappropriate. However, we followed the same method discussed in the IBTR! 2.0 manuscript to compare the validation result of United States and Korean patients. The relatively small number of patients and events in this study are limitations of this study. And this limitation could make this validation under-powered to detect significant differences. MGH validation had 22 IBTR cases in 664 patients. Our data set was smaller than MGH cohort, 25 IBTR cases in 520 patients. However, the high-risk group (greater than 5% risk of IBTR) in our study had more patients than the MGH dataset. Although this validation test has some limitations, our manuscript could show some different results between Korean and United States patients. Therefore, we were able to describe the differences of population origin and a treatment method. Furthermore, this study is the first validation of independent clinical data outside of the North America. The IBTR! 2.0 nomogram has some limitations due to its simplicity. Molecular and genetic analyses have developed in recent periods, and these new biologic parameters have been reported as important markers for recurrence and mortality \[[@B29]\]. In addition, the biologic subtype of breast cancer may affect local recurrence. Because of the short follow-up time and lack of consistency of the available data \[[@B8]\], the IBTR! 2.0 nomogram does not yet incorporate these factors. We hope the IBTR! 2.0 will be further modified to incorporate genetic and other biologic factors, and we also hope that a large independent Korean cohort will be studied for further validation.

In conclusion, this validation study for Korean patients showed that the IBTR! 2.0 model has an acceptably accurate predictive ability in low- to moderate-risk patients. In its current state, this model underestimates the expected IBTR rate in high-risk Korean patients. As progress in genetic and molecular techniques continues, new tools will be designed to predict cancer development and systemic or locoregional recurrence with new prognostic factors. Until that time, an easily accessible nomogram is warranted, and IBTR! 2.0 may be one reasonable predictive tool for application in low to moderate-risk patients.
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![A receiver operating characteristic (ROC) curve. Area under the ROC (AUC) is 0.670 (95% confidence interval, 0.569-0.781).\
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Clinicopathologic characteristics of patients (n=520) and estimated Cox-regression hazard ratios of each prognostic factor

![](jbc-16-97-i001)

LVI=lymphovascular invasion; HTx=hormone therapy; CTx=chemotherapy; CI=confidence interval.

^\*^Mean (range); ^†^Median (range).

###### 

10-Year comparison of predicted and observed IBTR estimates
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IBTR=ipsilateral breast tumor recurrence; SE=standard error; CI=confidence interval.
